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1
RESISTIVE MEMORY APPARATUS AND
WRITING METHOD THEREOF

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a memory apparatus and a writing
method thereof, and particularly relates to a resistive
memory apparatus and a writing method thereof.

2. Description of Related Art

A non-volatile memory has an advantage that data stored
therein is not disappeared after power off, so that it serves as
a necessary memory element for maintaining a normal
operation of many electronic products. Presently, a resistive
random access memory (RRAM) is a kind of non-volatile
memory positively developed in the industry, which has
advantages of low write operation voltage, short write and
erase time, long memory time, non-destructive reading,
multi-state memory, simple structure and small occupation
area, etc., and has a great application potential in personal
computers and electronic equipment in the future.

Generally, the resistive random access memory can
change a width of a filament path according to magnitude
and polarity of an applied pulse voltage, so as to set a
resistance value to a low resistance state (LRS) or a high
resistance state (HRS) in a reversible and non-volatile
manner to respectively represent stored data of different
logic levels. For example, when data of logic 1 is written, a
reset pulse can be applied to narrow the width of the filament
path to achieve the HRS. When data of logic O is written, a
set pulse with an opposite polarity can be applied to broaden
the width of the filament path to achieve the LRS. In this
way, when the data is read, the data of logic 1 or logic 0 can
be read according to a reading current of a different mag-
nitude generated under different resistance states.

However, when the data of logic 0 is written, the filament
path in a variable resistance element may have a sharp
contour after the set pulse is applied thereto, such that a
filament path with an excessively large width at one end and
an excessively small width at another end is formed, which
results in a problem of electromigration (EM). To be spe-
cific, when a large current continuously flows through the
variable resistance element, the narrower a place in the
filament path is, the higher a current density at the place is,
and the higher an electric field thereof is, which leads to a
phenomenon that metal atoms move towards an electron
flowing direction along grain boundaries of the variable
resistance element itself. As the electromigration is continu-
ously increased, the current density is accordingly increased
to aggravate the situation. If the electromigration is too
severe, the variable resistance element can be broken to form
an open circuit, such that data cannot be correctly written.

SUMMARY OF THE INVENTION

The invention is directed to a resistive memory apparatus
and a writing method thereof, by which data is able to be
correctly written.

The invention provides a writing method of a resistive
memory apparatus, which includes following steps. Logic
data is received, and a corresponding resistive memory cell
is selected. A logic level of the logic data is determined.
When the logic data is in a first logic level, where a first
reading current of the corresponding resistive memory cell
is greater than a first reference current, a set pulse and a reset
pulse are provided to the resistive memory cell during a
writing period. Polarities of the reset pulse and the set pulse
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are opposite. When the logic data is in a second logic level,
the reset pulse is typically provided to the resistive memory
cell during the writing period, so as to generate a second
reading current smaller than a second reference current
when a reading voltage is applied to the resistive memory
cell during a verification period. In case the reset pulse fails
to generate the second reading current smaller than the
second reference current, the set pulse is applied before
re-applying the reset pulse.

The invention provides a resistive memory apparatus
including a resistive memory cell array, a current verification
unit and a control unit. The resistive memory cell array
includes a plurality of resistive memory cells. The control
unit is coupled to the resistive memory cell array. The
control unit receives logic data, and selects a corresponding
resistive memory cell from the resistive memory cells. The
control unit determines a logic level of the logic data. When
the logic data is in a first logic level, where a first reading
current is greater than a first reference current, the control
unit provides a set pulse and a reset pulse to the resistive
memory cell during a writing period. Polarities of the reset
pulse and the set pulse are opposite.

According to the above descriptions, in the exemplary
embodiments of the invention, during the writing period,
after the control unit provides the set pulse to the resistive
memory cell, the control unit further provides the reset pulse
to the resistive memory cell, so as to avoid the problem of
electromigration caused by excessive narrow width of the
filament path in the variable resistance element.

In order to make the aforementioned and other features
and advantages of the invention comprehensible, several
exemplary embodiments accompanied with figures are
described in detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the invention, and are incorporated
in and constitute a part of this specification. The drawings
illustrate embodiments of the invention and, together with
the description, serve to explain the principles of the inven-
tion.

FIG. 1 is a schematic diagram of a variable resistance
element when a set pulse is applied to a resistive memory
cell according to an embodiment of the invention.

FIG. 2 is a schematic diagram of a variable resistance
element when a set pulse and a reset pulse are applied to a
resistive memory cell according to an embodiment of the
invention.

FIG. 3 is a schematic diagram of a resistive memory
apparatus according to an embodiment of the invention.

FIG. 4 is a flowchart illustrating a writing method of a
resistive memory apparatus according to an embodiment of
the invention.

FIG. 5 is a flowchart illustrating a writing method of a
resistive memory apparatus according to another embodi-
ment of the invention.

DESCRIPTION OF EMBODIMENTS

FIG. 1 is a schematic diagram of a variable resistance
element when a set pulse is applied to a resistive memory
cell according to an embodiment of the invention. FIG. 2 is
a schematic diagram of a variable resistance element when
a set pulse and a reset pulse are applied to a resistive memory
cell according to an embodiment of the invention. Referring
to FIG. 1 and FIG. 2, during a writing period, a resistive
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memory apparatus can apply a set pulse with a positive
polarity to form a low resistance state to store data of; for
example, logic 0. When the data is read, a reading current
corresponding to different resistance state can be used to
identify the resistance state thereof; so as to correctly read
the data of logic 0. However, according to FIG. 1, it is
known that when the data of logic 0 is written, a filament
path of a variable resistance element 113 may have a sharp
contour after the set pulse is applied thereto, such that a
filament path with an excessively large width at one end and
an excessively small width at another end is formed, which
results in a problem of electromigration (EM). In another
embodiment of the invention, after a control unit provides
the set pulse to the resistive memory cell, the control unit
further provides a reset pulse to the resistive memory cell to
change the contour of the variable resistance element 113,
such that one end of the filament path with excessively small
width can be broadened, so as to mitigate the problem of
electromigration, as shown in FIG. 2.

Implementation of the resistive memory apparatus and a
writing method thereof of the invention are described below.

FIG. 3 is a schematic diagram of a resistive memory
apparatus according to an embodiment of the invention.
Referring to FIG. 3, the resistive memory apparatus 200
includes a resistive memory cell array 210, a current veri-
fication unit 220 and a control unit 230. The resistive
memory cell array 210 includes a plurality of resistive
memory cells 212. The resistive memory cell array 210 are
coupled to the current verification unit 220 through a plu-
rality of bit lines BL, and are coupled to the control unit 230
through a plurality of source lines SL. Each of the resistive
memory cells 212 may include a switch element, for
example, a metal oxide semiconductor field effective tran-
sistor (MOSFET) or a bipolar junction transistor, and a
variable resistance element, and each of the resistive
memory cells 212 can provide stored data of a single bit.

The current verification unit 220 can be any type of a
current measuring element/circuit, for example, a sensing
amplifier circuit. The current verification unit 220 can be
coupled to the resistive memory cells 212 through a plurality
of the bit lines BL. The current verification unit 220 is
configured to verify that reading currents generated by the
resistive memory cells 212 are complied with a predeter-
mined reference current when logic data is written into the
resistive memory cells 212 to indicate that the control unit
230 correctly writes the logic data into the resistive memory
cells 212.

The control unit 230 is, for example, a central processing
unit (CPU), a microprocessor, a digital signal processor
(DSP), a programmable controller, a programmable logic
device (PLD) or other similar devices or a combination of
the above devices. The control unit is coupled to the current
verification unit 220 and a plurality of the source lines SL of
the resistive memory cell array 210. Detailed steps of a
writing method of the resistive memory apparatus 200 are
described below with reference of an embodiment.

FIG. 4 is a flowchart illustrating a writing method of a
resistive memory apparatus according to an embodiment of
the invention. Referring to FIG. 3 and FIG. 4, the method for
writing logic data of the present embodiment is at least
adapted to the resistive memory apparatus 200 of FIG. 3, and
detailed steps of the writing method of the present embodi-
ment are described below with reference of various compo-
nents in the resistive memory apparatus 200.

In step S410, the control unit 230 receives logic data
DATA, and selects a corresponding resistive memory cell
212. To be specific, when the control unit 230 receives the
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logic data DATA of a single bit, the control unit 230 selects
a corresponding resistive memory cell 214 from the resistive
memory cells 212. In the present embodiment, the resistive
memory cell 214 includes a switch element and a variable
resistance element, for example, the variable resistance
element 113 shown in FIG. 1. The control unit 230, for
example, provides a selecting voltage to a gate (or a base) of
a transistor serving as the switch element in the resistive
memory cell 214 to turn on the transistor, so as to perform
a subsequent data writing operation to the resistive memory
cell 214.

In step S420, the control unit 230 determines a logic level
of the logic data DATA. To be specific, the control unit 230
can determine the logic data DATA of the single bit to be in
logic 1 or logic 0.

When the logic data DATA is in logic 1 (i.e., a second
logic level), in step S430, the control unit 230 provides a
reset pulse RESET to the resistive memory cell 214 during
a writing period. During a verification period, when the
control unit 230 applies a reading voltage to the resistive
memory cell 214, the resistive memory cell 214 generates a
second reading current IR2 smaller than a second reference
current, and outputs the same to the current verification unit
220 for verification. In other words, the control unit 230
provides the reset pulse RESET to the resistive memory cell
214 during the writing period when the second reading
current IR2 is smaller than the second reference current. In
an embodiment, if the second reading current IR2 generated
by the resistive memory cell 214 does not pass through the
verification of the current verification unit 220, the control
unit 230, for example, further provides a set pulse SET to the
resistive memory cell 214, such that the resistive memory
cell 214 generates the second reading current IR2 smaller
than the second reference current. In the present embodi-
ment, the control unit 230 repeatedly and sequentially pro-
vides the reset pulse RESET and the set pulse SET to the
resistive memory cell 214 during a reset operation period,
such that the second reading current IR2 generate by the
resistive memory cell 214 can pass through the verification
of the current verification unit 220.

On the other hand, when the logic data DATA is in logic
0 (i.e., a first logic level), in step S440, the control unit 230
provides the set pulse SET and the reset pulse RESET to the
resistive memory cell 214 during the writing period. During
the verification period, when the control unit 230 applies the
reading voltage to the resistive memory cell 214, the resis-
tive memory cell 214 generates a first reading current IR1
greater than a first reference current. In other words, the
control unit 230 provides the set pulse SET and the reset
pulse RESET to the resistive memory cell 214 during the
writing period when the first reading current IR1 is greater
than the first reference current. In the present embodiment,
the control unit 230 repeatedly and sequentially provides the
set pulse SET and the reset pulse RESET to the resistive
memory cell 214 during a set operation period, such that the
first reading current IR1 generate by the resistive memory
cell 214 can pass through the verification of the current
verification unit 220. Therefore, according to the writing
method of the present embodiment, during the writing
period, by sequentially providing the set pulse SET and the
reset pulse RESET to the resistive memory cell 214, the
contour of the variable resistance element 113 can be
changed, such that one end of the filament path with
excessively small width therein can be broadened, so as to
mitigate the problem of electromigration.

In the present embodiment, the second reference current
and the first reference current are, for example, determined



US 9,443,587 B1

5

by a reference current generated by applying the reading
voltage to the resistive memory cell 214 with a resistance
value of zero, and setting values of the second reference
current and the first reference current can be the same or
different, which is not limited by the invention. Moreover, in
the present embodiment, the reset pulse is, for example, a
pulse with a negative polarity, and the set pulse is, for
example, a pulse with a positive polarity, and polarities
thereof are opposite.

Moreover, in the present embodiment, the control unit 230
writes the logic data DATA into the corresponding resistive
memory cell 214 during the writing period. In the writing
process, the current verification unit 220 verifies the reading
current during the verification period, so as to ensure cor-
rectness of data writing. Therefore, the writing period of the
present embodiment includes the verification period, and
after the logic data DATA written into the resistive memory
cell 214 is verified by the current verification unit 220, it
represents that the data is successfully written to complete
the writing operation.

In order to fully convey the spirit of the invention to those
skilled in the art, another embodiment is provided below for
further description.

FIG. 5 is a flowchart illustrating a writing method of a
resistive memory apparatus according to another embodi-
ment of the invention. Referring to FIG. 3 and FIG. 5, the
method writing logic data of the present embodiment is at
least adapted to the resistive memory apparatus 200 of FIG.
3, and detailed steps of the writing method of the present
embodiment are described below with reference of various
components in the resistive memory apparatus 200.

In step S510, the control unit 230 receives the logic data
DATA, and selects the corresponding resistive memory cell
214. In step S520, the control unit 230 determines the logic
level of the logic data DATA. The steps S510 and S520 are
the same or similar to the steps S410 and S420 of the
embodiment of FIG. 4, so that details thereof are not
repeated.

Then, in the present embodiment, when the logic data
DATA is in the logic 1 (i.e., the second logic level), in step
S532, the control unit 230 provides the reset pulse RESET
to the resistive memory cell 214. In step S534, the current
verification unit 220 determines whether the second reading
current IR2 is greater than the second reference current. If
not, i.e., the second reading current IR2 is smaller than or
equal to the second reference current, it represents that the
second reading current IR2 passes through the verification,
and a step S536 is executed. In the step S536, the control unit
230 writes the logic data of the second logic level into the
resistive memory cell 214 to complete the operation of
writing data into the resistive memory cell 214.

On the other hand, if the second reading current IR2 is
greater than the second reference current, it represents that
the second reading current IR2 does not pass through the
verification, and a step S538 is executed. In the step S538,
the control unit 230 first provides the set pulse SET to the
resistive memory cell 214. In order to mitigate the problem
of electromigration, after providing the set pulse SET to the
resistive memory cell 214, the control unit 230 further
provides the reset pulse RESET to the resistive memory cell
214 to make the second reading current IR2 to be smaller
than or equal to the second reference current, such that the
second reading current IR2 can pass through the verification
of the current verification unit 220. In other words, if the
second reading current IR2 is greater than the second
reference current, the logic data writing method of the
present embodiment repeatedly executes the step S534 and
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the step S536, such that the current verification unit 220
determines whether the second reading current IR2 is greater
than the second reference current, and the control unit 230
provides the set pulse SET and the reset pulse RESET to the
resistive memory cell 214 until the second reading current
IR2 is smaller than or equal to the second reference current
to pass through the verification of the current verification
unit 220.

According to another aspect, in the step S532 to the step
S536, the control unit 230 repeatedly and sequentially
provides the reset pulse RESET and the set pulse SET to the
resistive memory cell 214 during the reset operation period,
such that the second reading current IR2 generate by the
resistive memory cell 214 can pass through the verification
of the current verification unit 220. Moreover, in the step
S538, after providing the set pulse SET to the resistive
memory cell 214, the control unit 230 further provides the
reset pulse RESET to the resistive memory cell 214 to
mitigate the problem of electromigration.

Then, in the present embodiment, when the logic data
DATA is in logic O (i.e., the first logic level), in step S542,
the control unit 230 first provides the set pulse SET to the
resistive memory cell 214. In order to mitigate the problem
of electromigration, in step S544, after providing the set
pulse SET to the resistive memory cell 214, the control unit
230 further provides the reset pulse RESET to the resistive
memory cell 214. Then, in step S546, the current verification
unit 220 determines whether the first reading current IR1 is
smaller than the first reference current. If not, i.e., the first
reading current IR1 is greater than or equal to the second
reference current, it represents that the first reading current
IR1 passes through the verification, and a step S548 is
executed. In the step S548, the control unit 230 writes the
logic data with the first logic level into the resistive memory
cell 214 to complete the operation of writing data into the
resistive memory cell 214.

On the other hand, if the generate first reading current IR1
is smaller than the first reference current, it represents that
the first reading current IR1 does not pass through the
verification, and the method flow returns to the step S542, by
which the control unit 230 again provides the set pulse SET
to the resistive memory cell 214. In other words, if the first
reading current IR1 is smaller than the first reference cur-
rent, the logic data writing method of the present embodi-
ment repeatedly executes the step S542 to the step S546,
such that the control unit 230 provides the set pulse SET and
the reset pulse RESET to the resistive memory cell 214, and
the current verification unit 220 determines whether the first
reading current IR1 is smaller than the first reference current
until the first reading current IR1 is greater than or equal to
the first reference current to pass through the verification of
the current verification unit 220.

Therefore, in the step S542 to the step S546, the control
unit 230 repeatedly and sequentially provides the set pulse
SET and the reset pulse RESET to the resistive memory cell
214 during the set operation period, such that the first
reading current IR1 generate by the resistive memory cell
214 can pass through the verification of the current verifi-
cation unit 220. Moreover, in the step S542 and the step
S544, after providing the set pulse SET to the resistive
memory cell 214, the control unit 230 further provides the
reset pulse RESET to the resistive memory cell 214 to
mitigate the problem of electromigration.

Moreover, since those skilled in the art can learn enough
instructions and recommendations for the writing method of
the resistive memory apparatus of the present embodiment
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from the descriptions of the embodiments of FIG. 1 to FIG.
4, detailed description thereof is not repeated.

In summary, in the exemplary embodiment of the inven-
tion, during the reset operation period, the control unit
repeatedly and sequentially provides the reset pulse and the
set pulse to the resistive memory cell. Alternatively, during
the set operation period, the control unit repeatedly and
sequentially provides the set pulse and the reset pulse to the
resistive memory cell. Therefore, after providing the set
pulse to the resistive memory cell, the control unit further
provides the reset pulse to the resistive memory cell, so as
to avoid excessive narrowing of the filament path in the
variable resistance element to cause the problem of electro-
migration. Therefore, the resistive memory apparatus and
the writing method thereof provided by the exemplary
embodiments of the invention can correct write data.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the structure of
the invention without departing from the scope or spirit of
the invention. In view of the foregoing, it is intended that the
invention cover modifications and variations of this inven-
tion provided they fall within the scope of the following
claims and their equivalents.

What is claimed is:

1. A writing method of a resistive memory apparatus,
comprising:

receiving logic data, and selecting a corresponding resis-

tive memory cell;

determining a logic level of the logic data;

when the logic data is in a first logic level, where a first

reading current of the corresponding resistive memory
cell is greater than a first reference current, providing a
set pulse and a reset pulse to the resistive memory cell
during a writing period, wherein polarities of the reset
pulse and the set pulse are opposite.

2. The writing method of the resistive memory apparatus
as claimed in claim 1, wherein when the logic data is in the
first logic level, the step of providing the set pulse and the
reset pulse to the resistive memory cell during the writing
period comprises:

providing the set pulse to the resistive memory cell; and

providing the reset pulse to the resistive memory cell after

providing the set pulse to the resistive memory cell.

3. The writing method of the resistive memory apparatus
as claimed in claim 2, wherein when the logic data is in the
first logic level, during the writing period, the writing
method of the resistive memory apparatus further comprises:

determining whether the first reading current is smaller

than the first reference current; and

providing the set pulse and the reset pulse to the resistive

memory cell when the first reading current is smaller
than the first reference current.

4. The writing method of the resistive memory apparatus
as claimed in claim 3, wherein when the logic data is in the
first logic level, during the writing period, the writing
method of the resistive memory apparatus further comprises:

writing the logic data with the first logic level into the

resistive memory cell when the first reading current is
greater than or equal to the first reference current.

5. The writing method of the resistive memory apparatus
as claimed in claim 3, wherein when the first reading current
is smaller than the first reference current, the step of deter-
mining whether the first reading current is smaller than the
first reference current and the step of providing the set pulse
and the reset pulse to the resistive memory cell are repeat-
edly executed until the first reading current is greater than or
equal to the first reference current.
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6. The writing method of the resistive memory apparatus
as claimed in claim 1, further comprising:

when the logic data is in a second logic level, where a

second reading current of the resistive memory cell is
smaller than a second reference current, providing the
reset pulse to the resistive memory cell during the
writing period; and

when the logic data is in the second logic level, where the

second reading current greater is than the second ref-
erence current, further providing the set pulse to the
resistive memory cell during the writing period.

7. The writing method of the resistive memory apparatus
as claimed in claim 6, wherein when the logic data is in the
second logic level, during the writing period, the writing
method of the resistive memory apparatus further comprises:

determining whether the second reading current is greater

than the second reference current; and

providing the set pulse and the reset pulse to the resistive

memory cell when the second reading current is greater
than the second reference current.

8. The writing method of the resistive memory apparatus
as claimed in claim 7, wherein when the logic data is in the
second logic level, during the writing period, the writing
method of the resistive memory apparatus further comprises:

writing the logic data with the second logic level into the

resistive memory cell when the second reading current
is smaller than or equal to the second reference current.

9. The writing method of the resistive memory apparatus
as claimed in claim 7, wherein when the second reading
current is greater than the second reference current, the step
of providing the set pulse and the reset pulse to the resistive
memory cell comprises:

providing the set pulse to the resistive memory cell; and

providing the reset pulse to the resistive memory cell after

providing the set pulse to the resistive memory cell.

10. The writing method of the resistive memory apparatus
as claimed in claim 7, wherein when the second reading
current is greater than the second reference current, the step
of determining whether the second reading current is greater
than the second reference current and the step of providing
the set pulse and the reset pulse to the resistive memory cell
are repeatedly executed until the second reading current is
smaller than or equal to the second reference current.

11. A resistive memory apparatus, comprising:

a resistive memory cell array, comprising a plurality of

resistive memory cells; and

a control unit, coupled to the resistive memory cell array,

wherein the control unit receives logic data; the control
unit selects a corresponding resistive memory cell from
the resistive memory cells; the control unit determines
a logic level of the logic data; and when the logic data
is in a first logic level, where a first reading current of
the corresponding resistive memory cell is greater than
a first reference current, the control unit provides a set
pulse and a reset pulse to the resistive memory cell
during a writing period, wherein polarities of the reset
pulse and the set pulse are opposite.

12. The resistive memory apparatus as claimed in claim
11, wherein when the logic data is in the first logic level,
during the writing period, the control unit provides the set
pulse to the resistive memory cell, and provides the reset
pulse to the resistive memory cell after providing the set
pulse to the resistive memory cell.

13. The resistive memory apparatus as claimed in claim
12, wherein when the logic data is in the first logic level,
during the writing period, the current verification unit deter-
mines whether the first reading current is smaller than the
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first reference current, and when the first reading current is
smaller than the first reference current, the control unit
provides the set pulse and the reset pulse to the resistive
memory cell.

14. The resistive memory apparatus as claimed in claim
13, wherein when the logic data is in the first logic level,
during the writing period, when the first reading current is
greater than or equal to the first reference current, the control
unit writes the logic data with the first logic level into the
resistive memory cell.

15. The resistive memory apparatus as claimed in claim
13, wherein when the first reading current is smaller than the
first reference current, the current verification unit deter-
mines whether the first reading current is smaller than the
first reference current, and the control unit provides the set
pulse and the reset pulse to the resistive memory cell until
the first reading current is greater than or equal to the first
reference current.

16. The resistive memory apparatus as claimed in claim
11, wherein when the logic data is in a second logic level,
where a second reading current of the resistive memory cell
smaller is than a second reference current, the control unit
provides a reset pulse to the resistive memory cell during a
writing period; and when the logic data is in the second logic
level, where the second reading current is greater than the
second reference current, the control unit further provides
the set pulse to the resistive memory cell during the writing
period.
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17. The resistive memory apparatus as claimed in claim
16, wherein when the logic data is in the second logic level,
during the writing period, the current verification unit deter-
mines whether the second reading current is greater than the
second reference current, and when the second reading
current is greater than the second reference current, the
control unit provides the set pulse and the reset pulse to the
resistive memory cell.

18. The resistive memory apparatus as claimed in claim
17, wherein when the logic data is in the second logic level,
during the writing period, when the second reading current
is smaller than or equal to the second reference current, the
control unit writes the logic data with the second logic level
into the resistive memory cell.

19. The resistive memory apparatus as claimed in claim
17, wherein when the second reading current is greater than
the second reference current, the control unit provides the set
pulse to the resistive memory cell, and provides the reset
pulse to the resistive memory cell after providing the set
pulse to the resistive memory cell.

20. The resistive memory apparatus as claimed in claim
17, wherein when the second reading current is greater than
the second reference current, the current verification unit
determines whether the second reading current is greater
than the second reference current, and the control unit
provides the set pulse and the reset pulse to the resistive
memory cell until the second reading current is smaller than
or equal to the second reference current.
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